INTRODUCTION AND OBJECTIVES:
The efficacy of Extracorporeal Shockwave Lithotripsy (ESWL) is influenced by the time spent delivering focused energy to the stone. Manual targeting occurs at the start of the procedure, but subsequent respiration and movement significantly reduce the time that the stone is in the crosshairs. Radiographic appearance varies between stones and may change during treatment which makes targeting difficult. These effects result in increased radiation exposure and operative duration with increased shockwave exposure to surrounding structures in addition to decreased efficacy of stone fragmentation. There is a need for improved stone targeting to improve care. We propose a computer vision algorithm to locate stones during ESWL treatment.
METHODS: 2413 fluoroscopic images from n[102 subjects that underwent ESWL were manually annotated followed by secondary review for annotation agreement (CL, CF, DH). A bounding box was drawn around any stone present. The algorithm RetinaNet was trained using a random split of n[90 subjects and tested on n[12. This was repeated for 10 unique splits. The mean Average Precision (AP) and stone detection time are reported.
RESULTS: Over 10 trials, the mean (+/-stdev) AP was 0.7 AE 0.1, indicating that in 1 of every 1.4 images the algorithm was able to locate the stone to within 50% of the annotation. Detection failure was attributed to small target size (<5% of image) or blurry image due to machine motion. The average (+/-stdev) detection time was 63 AE 1ms.
CONCLUSIONS: An algorithm to automatically detect urinary tract stones during ESWL is presented, achieving ample precision to further develop an active targeting system. This work will be integrated into a broader artificial intelligence system for stone detection, automatic targeting and real-time in-procedure ESWL tracking for optimized outcomes. METHODS: During Februray 2016 and June 2018, 300 patients with renal stones were prospectively randomised to receive shockwave delivered at either voltage escalation (Group-1) or constant voltage (Group-2) in a single institute using Modulith SLX-F2 for maximum 3000 shocks at 1.5Hz. Primary outcome was successful treatment at 12-weeks after one session of lithotripsy, as defined as stone free or stone fragment < 4mm on computerized tomography. Secondary outcome measures included stone free rate, incidence of perinephric haematoma, as access by post-treatment imaging, and also changes in urinary level of acute renal injury markers.
RESULTS: There were 300 patients, with 150 patients in each group, were recruited for the study. The mean stone size for Group-1 and -2 were 8.9 mm and 9.1 mm respectively (p[0.201). There was no difference between the other baseline parameters of the two groups. Group-1 has received lower energy shockwaves (p<0.001) than Group-2. The overall treatment success rate and stone free rate was 70.7% and 39.4% respectively, and there was no difference observed between the two groups. The number of patients develop perinephric haematoma, as detected by cross-sectional imaging on Day-2 after SWL, for Group-1 & Group-2 were 23.8% and 43.8% respectively (p<0.001). Both groups had similar unplanned hospital admission rate. There was a statistically significant rise in urinary Nacetyl-beta-D-glucosaminidase, interleukin-18, KIM-1 and albumin level in both groups after SWL. However, there was no betweengroup difference in the urinary markers level. All markers level returned to baseline level at 6 weeks after SWL.
CONCLUSIONS: When compared to constant voltage SWL, voltage escalation could provide similar stone free and treatment successful rate for renal stone less than 15mm. However, it could significantly decrease the incidence of post-SWL perinephric haematoma.
